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Measurements using a 7Cs internal conversion
source demonstrate that ionization electrons will
drift at least 35 cm in liquid argon in electric

-1fields of a few kV-cm .

I. Introduction

Liquid argon ionization detector technology is
advancing at a rapid pace following the recent efforts

of Willis(l) and others. (23) The initial design of
such detectors made use of inert inserts within the
liquid argon, both as electrodes and as converters
for electromagnetic and/or hadronic cascades. It was
recognized early that these inserts degrade the
energy resolution of such calorimeters. The first
liquid argon shower counters were made with many thin
converter sheets in order to minimize this effect.
Eventually, the suggestion was made that inert con-
verters should not be used at low energies to achieve
optimal energy resolution, and wire planes were intro-

duced as electrodes. (4) Such detectors have totally
sensitive volumes and, if sufficient spacial resolu-
tion could be achieved, these detectors would have
unique capabilities and could be favorably compared
with bubble chambers.

This was recognized, and such a detector was
proposed to Fermilab for a four Fermion leptonic

scattering experiment.(5) However, it was clear that
spacial resolution of a few millimeters with closely
spaced wire planes led to technical as well as finan-
cial difficulties. Thus, the idea of drifting ioniza-
tion electrons over large distances in liquid argon
and collecting the induced charge as a function of

time(6) was introduced and actively discussed.

The capability to drift electrons over large dis-
tances in liquid argon is basic to the feasibility of
this idea. Information from detectors which collected
ionization electrons over distances of a few milli-

meters, was encouraging.(7) It is well known that
electronegative impurities, especially oxygen, must
be at very low levels. Typically, oxygen levels of

a few parts per million in argon (8) can be tolerated
in the shower counters. However, as yet undetermined
impurities can seriously affect the performance of

such detectors.(9) Thus, there is significant un-
certainty as to whether ionization electrons will
drift over distances of tens of centimeters even if
oxygen is reduced to the appropriate levels, since
such distances are at least an order of magnitude
greater than had been attempted.

II. Detector Details

A detector, schematically shown in Fig. 1, was
designed to focus on the question of free ionization

electron drift distance, XD (8) in liquid argon. The

materials used in the construction of this detector
were glass, ceramics and stainless steel to insure
cleanliness. Bellows were used to allow for rapid
adjustment of the drift distance which is constrained
to be less than about 75 mm. This is approximately
an order of magnitude greater than had been attempted

before. Argon gas purification/handling and cryogenic
systems are shown in Fig. 2. Argon gas is purified

(10)
by the sequence: (a) Hydrox purifier; (b) molec-

ular sieve, 13X,( ) at 293 K; (c) molecular sieve,
4A,() at 1960 K. Oxygen impurity is measured with

a trace oxygen analyzer(1) which has a rated sensi-
tivity to 02 concentration at the level of 0.1 ppm.

The liquid argon detector is kept cold by immersing it
in a bath of liquid nitrogen. The nitrogen is pres-
urized to 30-40 psig in order not to freeze argon.
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Figure 1. Schematic of detector for measuring
ionization electron drift distance in liquid argon.
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Figure 2. Schematic of argon gas purification/
handling and cryogenics systems. The liquid nitrogen
bath is pressurized to 30-40 psig in order not to
freeze argon.
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The sequence for purifying and liquifying argon
is as follows:

(1) degas molecular sieves by baking in a 2Opm
vacuum for several hours, also degas
detector simultaneously,

(2) flush out detector by a sequence of 3 to 5
pump and fill cycles,

(3) condense purified argon gas inside detector
by filling the liquid nitrogen bath.

Oxygen concentration in the purified argon gas is
typcially below the 0.1 ppm rated sensitivity of the
oxygen monitor. However, an occasional gas leak
within the system does degrade the purity of the argon,
thereby giving a measurable oxygen concentration.

An initial study without the grid was carried
out with an alpha source in the liquid argon. This
indicated that ionization electrons could drift over

the 75 mm distance without significant attenuation.(13)
However, due to the relatively high ionization density
of alphas in the liquid argon and its concomitant
recombination effects, these observations provided
encouragement rather than quantitative results.

The present study with the grid(1) is carried

out using a 0.2 pCi 137Cs internal conversion source
(624 KeV monoenergetic electrons). The number of
ion pairs produced in liquid argon per unit energy
loss has been measured to be around 25 eV per ion

pair.(15) Using this value for the 624 keV internal
conversion electron, we expect a charge of 4.0 fC of
each sign to be liberated within about 2 mm (the range
of the 624 keV electron in liquid argon) of the
cathode. The ionization electrons drift to the anode
through the grid under the influence of the applied
electric field in the region between the cathode and

the grid, Edrift Between the grid and the anode,
these electrons drift in a collecting field, Ecollect.
The total collected charge at the anode, therefore,
depends upon:

(1) the total liberated charge
(2) recombination with Ar ions(16)
(3) capture by residual electronegative

impurities in drifting through liquid argon.

(4) transmission through the grid. (17)

The total liberated charge, item (1), is fixed by
using the 624 keV internal conversion source. Recom-

bination with Ar ions, item (2), is a weak function
of Edrift(16) Transmission through the grid,

item (4), depends on the ratio of Eco11et to
-* (17) I n olc
drift if Edrift and Ecollect are held constant,

then items (2) and (4) do not affect the total col-
lected charge. Therefore, only residual electronega-
tive impurities, item (3), can affect the total col-
lected charge as a function of drift distance.

III. Data Collection and Analysis

A typical pulse height spectrum observed at the
anode of the liquid argon detector with the 137Cs
source is shown in Fig. 3. The 624 keV internal con-
version peak stands out well above the lower energy
beta and Compton electron continuum. Including the
uncertainties associated with the charge measurement,
the total collected charge in the peak is about
3.6 fC, which is a little lower than the 4.0 fC

liberated in the liquid argon. The collected charge
increases with higher drift field, therefore, recom-
bination is occurring. This can be separately studied,
but the absolute position of this peak, as discussed
above, is not important to the measurement of electron
drift distance.
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Figure 3. A typical pulse height spectrum of the

3 Cs source as observed in the liquid argon detector.

Additional confirmation that this peak is due to
internal conversion comes from a comparison of the
absolute rate of events in the peak. This is possible
since the source intensity is known, i.e., about
0.2 VpCi, 93.5% beta branching ratio, and K/y ratio
of 9.3%. A calibration pulser producing signals,
3 ms apart, at 5.0 fC gives a calibration peak with
a similar rate and spectral width. The pulser peak
is also shown in Fig. 3. These observations are
independent of the drift distance. From the calibra-
tion peak, the noise level in the electronics (18) is
estimated to be 0.4 fC (FWHM).

The present data comes from a pure argon sample
with less than 0.1 ppm oxygen, the rated sensitivity
of the trace oxygen analyzer, and consists of 37Cs
spectra which were collected at six cathode/grid
distances (0.78, 1.73, 3.00, 4.27, 5.54 and 6.81 cm)
with cathode voltages ranging to -19 kV.

Analysis of this data to extract XD is compli-

cated by inhomogeneity of the drift field which is
cause by the finite cathode size. There are two
effects. The first effect is a possible anode elec-
tron collection loss due to electric field lines
terminating outside the grid area. This effect arises
due to the finite source size, and increases as the
cathode/grid distance increases. Its overall con-
sequence is expected to be small. By ignoring cor-
rections for this effect, our analysis will be con-
servative, and will provide a lower limit to XD. The

second effect arises from growth of the electric field
near the source (cathode) above the average field as
the cathode/grid distance increases. The higher local

field decreases Ar , e recombination, thereby in-

creasing the collected charge.(19) By using the
-*max(higher) local field as the drift field, Edrift" our

analysis will again be conservative.(20)
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Figure 4 shows the internal conversion peak

position as a function of E rit There is a notice-
drift'

able decrease of the collected charge with an increase
+±maxin drift distance at fixed Edrift This data indicates

-*max
that XD is greater than 35 (50) cm with E rift at

2 (4) kV-cm-l.
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Figure 4. The 37Cs internal conversion peak position
-+max

versus rift (See text for a discussion). The

collecting field used is 10.6 kV-cm . Data from
several drift distances are shown. The decrease in

+max
the collected charge with distance at fixed Edrift
indicates that AD' the electron drift distance, in at

Fmax -cl-least 35 (50) cm with at 2 (4) kV-cmdrift

IV. Additional Observations and Plans

We have started to address questions relating to
materials, i.e. whether the materials used in liquid
argon shower counters, e.g. G10, Teflon, etc., can be
used in a liquid argon drift detector. Such materials
may introduce electronegative impurities, and stop
the drifting of ionization electrons over tens of
centimeters. Both G10 and Teflon have been inserted
in our test detector, and these were observed to have
a significant effect in decreasing XD. Also, we have

observed a large decrease in XD after-the occurrance

of severe high voltage breakdown inside the test
detector (across a Teflon insulator, we believe).

Present plans for the test detector include
additional studies of:

(1) materials

(2) Ar+, e recombination

(3) grid signals

(4) alternate purification methods

(5) 02, N2 contamination, etc.

A larger liquid argon test detector is under construc-

tion at Caltech.(21) It will be possible to attempt
drifting electrons up to distances of about 50 cm.

Plans for this detector include several of the above
as well as measurements of:

(1) electron drift velocity

(2) multiple grid signals

(3) electron diffusion, etc.

The above information will be essential for the design,
construction, and operation of a several ton prototype
liquid argon drift detector presently planned at
Fermilab. This prorotype will have an adequate volume
to totally contain electromagnetic showers, and it
will be used to address questions such as:

(1) energy resolution

(2) spacial resolution

(3) angular resolution

(4) gamma, electron and hadronic cascade
identification, etc.

These studies will be carried out in a collaborative
effort between UCI, Caltech and Fermilab.

V. Conclusion

The present measurements have demonstrated that
ionization electrons will drift over a distance of at
least 35 cm in liquid argon in an electric field of

-l
a few kV-cm . It is now clear that, for high spacial
resolution in liquid argon, the multitudes of closely
spaced wire planes can be replaced by a few wire
planes which read out charge as a function of drift
time.
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